Neuronal migration defects in the Dreher (Lmx1a) mutant mouse: role of disorders of the glial limiting membrane.
Dreher (dr(J)) is an autosomal recessive mutation in the newly identified LIM homeobox gene, Lmx1a. The homozygous mutant phenotype includes misplaced neurons (heterotopia) in the cerebral cortex, cerebellum and hippocampus, which mimic the mild end of the spectrum of neuronal migration disorders in humans. Heterotopic neurons are found mainly in the normally cell-sparse layer I within the cerebral hemispheres of dr(J) homozygotes. Neu-N immunostaining confirms the neuronal nature of these heterotopic cells, while bromodeoxyuridine-birthdating shows that the misplaced neurons are generated predominantly during the late stages of corticogenesis (E15-E17), suggesting an over-migration of neurons destined for layer II. Immunohistochemistry for laminin, and staining of reticulin fibres, reveals disruption of the glial limiting membrane specifically overlying the areas of heterotopic neurons. Factor VIII (von Willebrand factor) staining shows an abnormal vascular network in layer I, associated with the fragmented glial limiting membrane. Layer I astrocytes, recognized by immunostaining for glial fibrillary acidic protein, exhibit attachment of their end feet to the fragmented glial limiting membrane. We suggest that disruption of the glial limiting membrane is central to the pathogenesis of heterotopic neurons in dreher, perhaps via defective radial glial-guided neuronal migration.